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Abstract 
This study was conducted in the lagoon of Mischief Reef, South China Sea to 
test the feasibility of feeding and rearing wild caught yellowfin tuna Thunnus 
albacares and skipjack tuna Katsuwonus pelamis juveniles in small, deep sea-
water, cages. Fish started active feeding four days after transfer to the 
rearing cage. Initial feeding depth between yellowfin tuna and skipjack tuna 
was not significantly different (P > 0.05). The initial feeding depth for 
yellowfin tuna juveniles was 2.97±1.09 m, and skipjack tuna fed at 2.95 ± 
0.77 m. After the 30 day rearing experiment specific growth rates of yellowfin 
tuna and skipjack tuna were: 0.25 ± 0.02 %/day and 0.32 ± 0.03%/day, 
respectively; survival rate of yellowfin tuna was 100%, and the survival rate 
of skipjack tuna was 82.6%. The estimated feed conversion ratio was 9.73 in 
this study. The results of this study provide practical data for culturing wild 
caught yellowfin tuna and skipjack tuna juveniles in sea cages. 
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Introduction 
The yellowfin tuna Thunnus albacares is an important fish species worldwide. Recent 
studies indicate that yellowfin tuna are caught between the eastern and western 
boundaries of the Pacific Ocean (Schaefer et al., 2011). The skipjack tuna Katsuwonus 
pelamis is one of the major fishery species in South China Sea (Ma et al., 2016). Due to   
global environment changes and human intervention, stocks of commercial fish of these 
two species have dropped dramatically. Therefore artificial rearing of these species to a 
commercial size is an alternative way to support the growing market demands. Although 
several attempts have been made to   artificially breed these two species (Ashida and 
Horie, 2015; Wexler et al., 2003), fingerling supply of these species is still largely 
dependent on fish caught in the wild.  
In nature, tuna have developed the ability to physiologically thermo-regulate their body 
temperature to pursue prey from the surface temperature, mixed layer into deeper, 
colder water and return to the surface (Block et al., 1997; Dagorn et al., 2000; Holland 
et al., 1992). Acclimation and rearing success of these wild caught juveniles depend 
therefore on the understanding of their feeding behavior and proper feeding 
management (Gordin, 2003). However, related information on these studied species is 
rare. The present study was designed to explore the feeding behavior of yellowfin tuna 
and skipjack tuna juvenile, and aimed to develop a proper acclimation and rearing 
methods. 
 
    
Materials and Methods 
This study was conducted in the lagoon of Mischief Reef, South China Sea (Fig.1) 
between May and June 2016. Wild yellowfin tuna and skipjack tuna juveniles were 
captured in the open sea of Mischief Reef (9o51’44’’N, 115o30’56’’E, Fig. 1) using light-
falling net method, and transported back to the lagoon of Mischief Reef in a sea cage. 
Upon arrival at the lagoon, fish were held in the transporting cage for two days before 
transferring them in two steel structures (6.5 × 6.5 × 5 m), a total of 12 yellowfin tuna 
(29.98 ± 8.78 cm, total length) and 23 skipjack tuna (29.39 ± 7.35 cm, total length). 
After transfer they were deprived of food for three days until the beginning of the 
experiment. During the 30 day experimental period, water temperature was 31.41± 0.30 
oC, and current velocity was 0.25±0.12 m/s. 
Fish were fed chopped frozen Euthynnus yaito meat (3×2 cm) once a day at 0700 
am. The chopped E. yaito meat was mixed with aquaculture grade antibiotics and mixed 
vitamins during the first two weeks of the feeding trial. After this, frozen E. yaito meat 
was chopped and fed directly to fish until the completion of the experiment. The 
nutritional composition of experimental feed was as follows: 23.45 ± 0.48 % protein, 
1.46 ± 0.42 % crude fat, 1.38 ± 0.07% ash, and 72.27 ± 1.58% moisture. The fish were 
fed to satiation and feed was weighed before and after feeding to calculate the feed 
conversion ratio (FCR). 
Three GoPro4® cameras were used to record feeding activity, growth, survival, and 
health condition of fish on each day. Adobe Photo Shop CS3 was used to perform the 
image analysis. Growth was determined by specific growth rate (SGR) in % per day using 
the following equation (Hopkins, 1992):  
SGR = 100(lnSLf - lnSLi)/Δt, where SLf and SLi were the final and initial fish total 
length (cm), respectively, and Δt was the time between sampling days. 
Fish weight was estimated by length-weight relationships of yellowfin tuna and 
skipjack tuna as reported by Ma et al. (2016): W-yellowfin = 0.0096×L2.548 and W-
skipjack = 2.7593×L1.4437, W-yellowfin and W-skipjack were the estimated wet weight of 
yellowfin tuna and skipjack tuna; L was measured fish length. Coefficients of variation 
(CV, %) of fish length was calculated from standard deviation and the mean for each 
species at the end of this study (CV = 100 × SD/mean). Independent T-test was used to 
compare the feeding depth and growth between yellowfin tuna and skipjack tuna 
juveniles via SPSS 18.0. 
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To prevent injured skin infection, aquaculture grade antibiotics and mixed vitamins 
were added to fish diet in the first two weeks of the feeding trial. After two weeks of 
continuous feeding of antibiotics and vitamins treated diets, the appearance of injures 
disappeared in fish skin.  
 
9o51’44’’N, 115o30’56’’E
Mischief Reef
 
Fig. 1 Map of Mischief Reef and fish capture location in South China Sea 
 
Results 
 Initially, when feeds were first distributed to the fish, the active feeding depth was 
2.95±0.77 m (Fig. 2) and was not significantly different between two species (P > 0.05, 
Fig. 2). On the second day, the active feeding depth of yellowfin tuna and Skipjack tuna 
was 2.28±0.85m and 2.25±0.77m, respectively. On the eighth day fish of the two 
species started to feed on the water surface and continued to do so throughout the 
experiment (P > 0.05), (Fig. 2). To the best of our knowledge, this is the first report on 
the active feeding depth of wild caught yellowfin tuna and skipjack tuna juveniles in 
confined conditions. 
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Fig. 2 Active feeding depth of yellowfin tuna Thunnus albacares and skipjack tuna 
Katsuwonus pelamis juveniles 
 
In this study, the specific growth rate (SGR) of yellowfin tuna was 0.25 ± 0.02 
%/day, which was significantly lower than the SGR observed in skipjack tuna which was 
0.32 ± 0.03 %/day, P < 0.05, (Table 1). Upon completion of the experiment, the CV of 
yellowfin tuna and skipjack tuna was 5.55 and 5.02, respectively. 
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Survival rates of the yellowfin tuna and skipjack tuna were 100% and 82.6% 
respectively (Table 1). In skipjack tuna, four fish died in the first week during the 
acclimation period probably due to skin infection injuries that occurred during their 
capture after which they recovered completely.  
 
Table 1. Specific growth rate (SGR), co-efficient variation, and survival rate of wild 
caught yellowfin tuna Thunnus albacares and skipjack tuna Katsuwonus pelamis juveniles 
 
 SGR (%/day) CV Survival 
(%) 
Yellowfin tuna 0.25 ± 0.02 5.55 100% 
Skipjack tuna 0.32 ± 0.03 5.02 82.6% 
 
 
Discussion 
In nature the feeding depth of tuna varies dramatically while in artificial rearing 
conditions, tuna are restricted to a constant depth and fed with a single type of feed. 
These conditions may have affected their feeding behavior.  
In this study, the SGRs of yellowfin tuna and skipjack tuna were 0.25 ± 0.02 and 
0.32 ± 0.03 %/day, respectively. Although several documents have described the growth 
of yellowfin tuna (Fonteneau and Chassot, 2013; Kikkawa and Cushing, 2002) and 
skipjack tuna (Andrade and Kinas, 2003; Hallier and Gaertner, 2006), most of these 
publications relate to tests conducted under natural conditions, and were based on the 
age-growth in adult fish. Growth-related information of yellowfin tuna and skipjack tuna 
in constrained conditions is rare. To the best of our knowledge, this is the first data on 
the juvenile growth of these species under artificial rearing condition.  
Results from the present study suggest that feeding habits of yellowfin tuna and 
skipjack tuna can be adapted to relatively small size sea cages. Results also suggest that 
a high skin self-healing process exists in these two species. This accelerated healing may 
warrant further investigation. In order to conduct commercial scale aquaculture 
practices, future research should aim to improve the method of capturing tuna juveniles 
and understanding the nutrition requirements for these two species.  
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